Abstract. The role of reflection symmetry breaking for the character of the appearance of replica symmetric spin glass state is investigated. We establish the following symmetry rule for classical systems with one order parameter in the replica symmetric mean field approximation. If in the pure system the transition to the ordered phase is of the second order, then in the corresponding random system the glass regime appears as a result of a phase transition; if the transition in the pure system is of the first order, then glass and ordered regimes grow continuously in the random system on cooling. 64.70.Kb The crucial role of the reflection symmetry for the character of phase transition in nonrandom mean-field (MF) models is well known (see, e.g., the textbook [1]). Generally speaking the presence of the terms without reflection symmetry causes the first order phase transition, while in the absence of such terms the transition is of the second order. Usually this result is obtained in the frame of the phenomenological approach based on the GinsburgLandau (GL) effective Hamiltonian that can be easily obtained for any Hamiltonian through the Hubbard-Stratanovich identity for the partition function. On a slightly "more microscopic level" the statement about the order of phase transition can be demonstrated considering the MF onesite equations as is done below (for continuous case see the Eqs.(11-13) of [2]).
The crucial role of the reflection symmetry for the character of phase transition in nonrandom mean-field (MF) models is well known (see, e.g., the textbook [1] ). Generally speaking the presence of the terms without reflection symmetry causes the first order phase transition, while in the absence of such terms the transition is of the second order. Usually this result is obtained in the frame of the phenomenological approach based on the GinsburgLandau (GL) effective Hamiltonian that can be easily obtained for any Hamiltonian through the Hubbard-Stratanovich identity for the partition function. On a slightly "more microscopic level" the statement about the order of phase transition can be demonstrated considering the MF onesite equations as is done below (for continuous case see the Eqs. (11) (12) (13) of [2] ).
Let us consider a system of particles on lattice sites i, j with Hamiltonian
whereÛ is a diagonal operator with TrÛ = 0, the interactions J ij being such that the MF approximation gives exact solution. For example, J ij may be random exchange interactions with Gaussian probability distribution
with J =J/ √ N , J 0 =J 0 /N . In nonrandom pure case J = 0. Let us construct GL Hamiltonian as an integral on Send offprint requests to:
a Present address: Institute for High Pressure Physics, Russian Academy of Sciences, Troitsk 142092, Moscow region, Russia fluctuations ϕ. Using the Hubbard-Stratanovich identity the partition sum can be written in the following form:
The effective Hamiltonian contains the powers n of the fluctuations ϕ for which Tr(Û n ) is nonzero. When dealing with random MF systems the role of cubic term is discussed usually in connection with the replica symmetry breaking (RSB) solution of the equations for glass order parameters. The absence of reflection symmetry causing cubic terms in GL Hamiltonian for regular nonrandom system results in a special form of RSB free energy functional for random case, too. This form gives the discontinuity for the order parameter, the stability of the first stage RSB solution and other specific features (see, for example, Refs. [3, 4, 5] ). However, in this paper we accent our attention on the replica symmetric (RS) approach. We investigate the role of the reflection symmetry for the behavior of RS solution for spin-glass-like MF systems with one regular order parameter in the Hamiltonian and formulate a kind of symmetry rule for the type of the growing of glass regime: if in the nonrandom (pure) system the transition to the ordered phase is of the second order, then in the corresponding random system the glass regime appears as a result of a phase transition; if the transition in the pure system is of the first order, then in the random system the glass regime grows continuously on cooling. In fact, one can imagine that both the first order phase transition in nonrandom systems as well as the continuous growing of the glass regime in random systems are caused by some kind of internal fields appearing due to the algebra of operatorsÛ . Some previous results can be found in [6] . It is well known that a number of magnetic compounds with phase transition to spin-glass state behaves qualitatively as the Sherrington-Kirkpatrick (SK) model [7] (without ϕ 3 term). We would like to bring the readers attention to the fact that the case with the continuous growing of the glass regime (with ϕ 3 term) also is a reality and exists in some mixed crystals [8, 9] . Now let us consider the system (1)- (2). Using replica approach (see, e.g. [7] ) we can write the free energy in the form
where
eff , as follows from the saddle point equations. Here t =J/kT and averaging is performed with the effective Hamiltonian H ef f :
In the RS approximation the free energy has the form:
The order parameters are: m is the regular order parameter (an analog of magnetic moment in spin glasses), q is the glass order parameter and p is an auxiliary order parameter. The extremum conditions for the free energy (6) give the following equations for these order parameters:
Tr Û exp θ Tr exp θ
In general case the order parameter p is not independent from the others. For Ising spin glass [7] Û =Ŝ, (Û ) 2 = (Ŝ) 2 = 1 = p and Eq. (9) reduces to an identity. For the quadrupolar glass with J = 1 [9] we havê U =Q = 3Ĵ z 2 − 2, so that p = 2 − m. However, for the quadrupolar glass with J = 2 [10] p is independent order parameter: the subalgebra contains the operatorsQ, (Q) 2 and the unit matrixÊ, so that only (Q) 3 is not independent and can be represented as a linear combination ofQ, (Q) 2 andÊ. In the case of S = 1 spin glass [11] we have S z = 0, ±1, p is independent parameter and has the physical meaning defined by the equalityŜ 2 = 1/3(2 +Q). Now p = (1/3)(2 + m 2 ), where m 2 is the quadrupolar regular order parameter.
In the random case J 0 = 0 the high temperature expansion of the equations (7) - (9) has the form:
If m = 0, q = 0 and p = 0 then
is a sum of A n = Tr(Û n ) with odd n only. So if A (2k+1) = 0 then Eqs. (7) - (9) 
The replica symmetric solution is stable unless the replicon mode energy λ is nonzero. For our model we have:
The character of the replica symmetry breaking is defined by the term α 3 (δq αβ ) 3 in the RSB free energy (4) expansion near RS free energy (6) . We have
If all A 2n+1 = 0 then Tr Û 3 exp θ = 0 and q = 0 at T = T c so that α 3 = 0 and at T c the full replica symmetry breaking according to the Parisi scheme takes place. If A 2n+1 = 0 then α 3 = 0 and the first stage RSB solution is stable.
In the regular case (J = 0,J 0 = 0) we have from Eqs. (7) - (9) (15) - (16) gives the bifurcation equation 
In this case the phase transition is of the first order.The transition temperature can be obtained from the comparison of free energies of ordered and disordered phases. (see, e.g. Ref. [2, 12] ). So one can establish the following symmetry rule for classical systems with one (pure) order parameter in the replica-symmetric MFA. If in the pure system the transition to the ordered phase is of the second order, then in the corresponding random system the glass regime appears as a result of a phase transition; if the transition in the pure system is of the first order, then in the random system glass and ordered regimes grow smoothly on cooling.
As an example let us now consider the Hamiltonian
This model describes random quadrupole interaction. A molecular quadrupolar moment is the second-rank tensorial operator with five independent components. In the principal axes frame only two of them remain:Q andV . It is easy to show thatQ 2 = 2 −Q, V 2 = 2 +Q,QV =VQ =V . Here η > 0 is a tuning parameter.
The corresponding Ginzburg-Landay Hamiltonian written in terms of fluctuation fields ϕ i has the form:
The RS free energy has the form
Here
The order parameters are m 1 ∼≪Q + ηV ≫, q is the corresponding glass order parameter, the order parameter m 2 ∼≪ (1 − η 2 )Q − 2ηV ≫ appears due to the operators algebra (see Eq. (20)) in close analogy with the appearing of quadrupole order parameter in the case of spin glass with S = 1. We use m 2 instead of p: systems have been obtained in MFA. It is interesting to notice that in the Bethe approximation (and in some other cluster approximations) the internal fields appear in the case of nonzero cubic terms and cause a smooth changing of the order parameter without phase transition in nonrandom system if in MFA the phase transition is of the first order (see, e.g., [14] ). In the systems with reflection symmetry and the MFA second order phase transition the rather sharp phase transition from nonzero order parameter phase remains in the Bethe approximation. In some way the replica approach to random systems effects analogously to Bethe approximation. The simpliest way to demonstrate this fact is to consider cluster approximation of [16] . The main equation is the selfconsistency condition given in terms of effective mean field ψ produced by the neighbors and acting on the particle on each site of the cluster.
For the Hamiltonian (1) in nonrandom case with nearest neighbor interaction we obtain the following equations 
where s is the number of particles in the cluster. For the simplest case s = 2 we have where H 1 = −Û 1 ψ; H 2 = −JÛ 1Û2 − ψ (1 − 1/γ) Û 1 +Û 2 ;Û i is the operatorÛ on i-th site; γ is the number of nearest neighbors. The effective mean field ψ can be obtained from (31). The high temperature expansion for (31) is
